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Designing information appliances: the evaluation of a design
process framework based on a designer-friendly prototyping
environment
T-J. Nam Korea Advanced Institute of Science & Technology, South Korea

Abstract
This paper presents a new design process framework for interaction design of computer-embedded
products (information appliances) and examines the feasibility of the framework in the design
education and practice through case studies. The main feature is the application of a new
prototyping environment that employs a widely available presentation tool, MS PowerPoint, for
building fully functional engineering quality prototypes of computer embedded digital products
without assistance from electronic engineers. The proposed interaction design process framework
involves four phases. i) to analyze the user context, ii) to create conceptual models using State
Transition Charts, iii) to develop hardware-software hybrid prototypes using the designer-friendly
prototyping environment, vi) to conduct usability studies using the prototype. Scenarios,
storyboards, concept generation tools, Sate Transition Charts, a hardware-software hybrid
prototyping method, and an automatic usability data collection method are introduced as key
practical techniques to be employed in each phase of the process framework. Case studies
undertaken in the UK and Korean universities show that the framework was feasible for the design
education and acceptable for the design students in both countries. The paper also presents how the
framework and the prototyping environment can be extended for developing interaction design of
multi-user products through the case study project of designing a set of portable information guides
for group visitors of the natural history museum.
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Designing information appliances: the evaluation of a design
process framework based on a designer-friendly prototyping
environment
Introduction
Digital technology has changed the way we live and the artifacts surrounding us. Ubiquitous
computing (Ark and Selker, 1999) and information appliances (Norman, 1999) are becoming
prevalent as the computing technologies are widely and cheaply available. The characteristics of the
everyday artifacts have changed from static and hardware orientated to dynamic, interactive,
intelligent and complex. This implies significant transition of the objects that designers are dealing
with.
Meanwhile, the design profession has also evolved. The role of industrial designers in the early
periods of the profession was to articulate and resolve aesthetic problems of mass produced
products. In order to be effective, designers needed to have deeper understanding of production
techniques, engineering, marketing and ergonomics. Designers have found themselves responsible
to both client and consumer, sorting out ergonomic, safety and performance factors to satisfy both
parties. The dynamic and interactive aspects of the emerging digital artifacts these days demand that
designers become problem solvers not only for visual, physical and functional attributes, but also
for emotional and contextual attributes. There is therefore growing concern on how this change
should be reflected in design education and professional design practices. If these concerns are
appropriately addressed, design professionals can play an important role as coordinators in the
multidisciplinary product development team involving social scientists, psychologists, computer
scientists, electronic engineers, production engineers and other business professionals for designing
the new digital artifacts.
This paper presents a new design process framework for designing the new breed of digital
products. The framework focuses on the interaction design aspects of these products and has been
evolved both from traditional design process models and user interface design models. The
techniques to be used in each phase of the design process framework are reviewed and the
feasibility and effectiveness are examined. In particular, the paper introduces the application of a
new prototyping environment that employs a widely available presentation tool, Microsoft
PowerPoint, for building fully functional engineering quality prototypes of digital products without
assistances from electronic engineers. It also presents how the framework and the prototyping
environment can be extended for developing interaction design of multi-user products such as
mobile phones, communication devices and multi-user PDAs.
The objectives of this study can be summarized as follows.
•
•
•
•

To investigate an effective design process framework to reflect the changed design
paradigm.
To review and examine designer orientated tools and techniques to be employed in each
phase of the design process.
To develop an effective and interactive prototyping method for designers.
To examine the feasibility of the framework and the prototyping method by applying
them to design education and professional design practice.
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Interaction design process framework
There have been many design process models suggested from the design research and the user
interface design fields. Among the user interface design process frameworks, Lewis and Reiman
(1993) suggested eleven phases for the user interface design: figure out who’s going to use the
system to do what, choose representative tasks for task-centered design, plagiarize, rough out a
design, think about it, create a mock-up or prototype, test it with users, iterate, build it, track it, and
change it. Spreenberg et al. (1995) suggests five stages of interaction design process; understand,
observe, visualize and predict, evaluate and refine; implement. These design process models
highlight two common issues: the user and task centered approach, the iterative development and
evaluation of design concepts. One of the ways to achieve the user and task centered approach is to
draw participations of actual users from early phases of the design process. Efficient methods of
user participation have to be investigated. The user involvement is also to be continuous throughout
the design process. For the interactive development and evaluation of the design concepts,
collaboration between designers and other experts is essential. The more efficient and faster the
iterative design cycle is, the better is the quality of the design solution. For digital products,
hardware-software integrated development is also important as the two aspects are closely related.
It is also necessary to employ appropriate quantitative and qualitative evaluation methods for
reflection.

Prototyping in interaction design
When designing digital products, effective hardware-software hybrid prototypes are fundamental to
the rapid iterative design development and evaluation. The importance of effective prototyping is
recognized from the interview with designers at Samsung Electronics and its’ Software Design
Center. The Samsung designers expressed that, in designing digital products, such as mobile phones
and digital televisions, they have difficulties in producing good quality design solutions due to the
lack of tools to combine the software and hardware features. The development and the usability
tests of the hardware and the software are carried out separately, so designers often miss the
opportunities to improve the integrated quality as they have to wait until the final engineering
prototype is to be produced just prior to production.
The prototyping of multi-user devices, such as mobile phones and multi-user game machines and
communication devices, is even more difficult for designers to develop a concrete design ideas. The
ways these devices are used and operated are closely connected to the service and the dynamic
multi-user communication behaviors of the users. The effective prototyping allows designers to
produce more concrete design concepts with respect to the user interface and the relationship
between the software and the hardware attributes.

The proposed process framework
The proposed process framework in this study consists of four phases; context analysis, conceptual
modeling, prototyping, usability study. The framework simplifies the existing process models and
highlights key techniques that are directly applied to the practical development of design concepts.
Figure 1 shows the overview of the process framework.
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Figure 1: The Overview of the process framework and the practical techniques at each phase

Phase 1
In the first context analysis phase, the design team needs to investigate usage context of the product,
create insights and specify functionality. There have been many practical techniques used in this
phase. They include focus group interview, user observation, user diary, role playing to name a few.
While these techniques provide useful insights on the context, it is often difficult to associate the
results to the concept generation of the new product. In this paper co-designing techniques with
generative tools, scenarios and storyboards are suggested as useful practical techniques in this
phase. Co-designing is based on the user centered design philosophy and stresses active user
involvement in the design process. Sanders (2000) suggests that by using generative tools that can
drive dreams and imagination of everyday people the co-designing technique provide a way to
connect the social science investigations and the practical design development. For co-designing,
designers need to consider new roles in their profession. First, they need to develop various tools
that can draw dreams and creativity of everyday people. These generative tools could be a drawing
board, Velcro covered blocks, Lego characters, board games, and a movie making process
(Pedersen and Buur, 2000). The second role of designers for co-designing is to analyze, translate
and develop the results expressed by the users using these generative tools into valid and viable
design solutions.
Other practical techniques in the context analysis phase are scenarios and storyboards. Scenarios are
reality stories in prose form and can be classified into two types: current context scenarios and
future context scenarios (Kolli et al., 2000). Current context scenarios are the description of users’
activities and tasks at present situations. It allows designers and users to have a clear picture of the
present usage context. Future context scenarios are the description of the refined situations by
introducing the new artifacts or processes. It is a very early abstract model that initiates a number of
design concepts of new products in the context. Storyboards are pictures illustrating various
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functions of the future product, along with explanatory text about what’s happening in the picture.
Readers of the storyboard can get a general idea of the size and form of the new product in a very
general way and its context of use. Scenarios allow designers and users to make the concepts more
visual and concrete.

Phase 2
The second phase is to develop basic concept models. Users and domain experts are to be
encouraged for the early concept generation. The methods and tools need to be provided for their
active participation. Practical techniques in this phase include idea sketches, making and evaluating
concept mockups and hand-on tangibility tests. In addition to these techniques focused on physical
attribute of the products, contextual, organizational and interaction quality of the product, such as
participatory diagramming, screen slide show, are also to be used. State Transition Charts (STC) is
one of these techniques proposed to explore the organizational and interaction quality of the
concepts. STC is based on the assumption that a product interaction can be modeled by considering
states and events from the outside world. The events cause the product to transition from one state
to another. For example, a digital watch has a number of states (time displaying state, changing time
state etc.) and an event of pressing a button by a user causes the transition between the time display
state and the changing time state. STC provides a way of exploring and defining what states should
exist, what events should occur and what effect they can have on the product.
STC is similar to State Transition Diagram (Booch, 1993) that is commonly used in software
engineering. The STD is one of the software engineering models to construct a software
application. STC is however more graphical and realistic in terms of the visual components and
associated events of the product. It is also focused on the interaction between the product and users.
Creative concept modeling may be achieved through collaborative construction of STCs in a group
session . One of the methods that allow more dynamic and collaborative creation of STCs is Post-it
and Whiteboard method shown in Figure 2.

Figure 2: Post-it and Whiteboard method of the STC construction in a group session
Designers investigate essential states to provide for product functions and the user interface. Then
by placing and connecting the states on the whiteboard, a new STC can be rapidly constructed while
all members in a group session can participate in the construction. When states and events
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connections are made, a digital image can be taken using a digital camera for the record and to
compare it with alternative STCs. This method can be extended into a new concept generation tool
for co-desiging by employing a digital media, such as electronic whiteboard and input devices
(James et al. 2001).

Phase 3
The third phase of the framework is to refine the basic concept models through efficient
prototyping. In the design of computer embedded digital products, prototyping is essential to
examine the integrated quality that involves both software and hardware attributes. The prototyping
can be classified into three types in terms of the techniques used; i) using Virtual Reality(VR) or
Mixed Reality(MR), ii) touch screen based prototyping, iii) virtual simulation driven by physical
prototypes. VR and MR (Ohta and Tamura, 1999) provides new dimensions in prototyping as the
computer hardware and software technologies are rapidly developing. In particular, MR shows a
potential in interior and architectural design fields (Anabuki et al., 2000). The bulky equipment and
the lack of reality feelings, however, hinder the technologies to be effectively used for iterative and
rapid prototyping of interaction design concepts. Touch screen has become a useful technique for
the simulation of the products such as a microwave oven (Sharp, 1988) and VCRs. Due to the
restriction on two dimensional control panels, the product controls and displays in different panels
cannot be implemented through the touch screen based prototyping technique. The best prototyping
is a hardware-software hybrid prototype that allows the controls and software attributes to be fully
illustrated within an integrated unit. Typically these prototypes are connected to a portable
computer via special interface units for input and output. The problems with this kind of
prototyping is the time and cost involved in building the prototypes. Design teams need to have
sufficient support from engineers for the construction of these prototypes. Although there is full
support from engineering teams, it is time consuming and expensive to build a series of prototypes.
For the investigation of a designer-friendly prototyping method, the following requirements are to
be considered. First of all, the prototyping method should allow designers to effectively employ the
metaphor used in the concept modeling phase. The core components of STC, states and events, are
to be smoothly integrated in the method. In fact, one of the most popular tools for prototyping
interactive systems in industry is Micromedia Director, which is originally used for the production
of interactive movies and CD-ROM titles. It employs the time line as the fundamental metaphor
that is not always consistent with the concept modeling of interactive features. The new method
should support the STCs in the framework described above. Secondly, it also needs to allow
efficient construction and incorporation of highly visual elements. Thirdly, interactive features are
commonly implemented by programming support within the tool. The programming environment
needs to be intuitive and have minimum complexity as it may be used by designers who may not
have the training in computer programming. Fourthly, the method should benefit other stakeholders
in the product development by providing evolutionary features. For example, smooth transition
from the designers’ prototype to the engineering prototypes increases the productivity at the later
phase of product development. Finally, software tools are to be based on the widely available
software application and not to require advanced hardware and software equipment. In order to
address these requirements, we proposed a new prototyping method based on the popular Microsoft
Office application, Microsoft PowerPoint (Nam and Gill, 2000). The method allows designers to
construct an engineering quality hardware- software hybrid prototype without the support from
engineering disciplines. The prototyping is accomplished in five steps. First, the concept models
developed using STC are transformed into a primitive software simulation (Figure 3a) that only
supports slide links between states. It illustrates the basic state transitions but cannot show any
interactive features of the prototype. The next step is to construct an interactive simulation by
adding ‘Controls’ and ‘Visual Basic for Application’ scripts associated with each control (Figure
3b). All the events are then translated from mouse based to keyboard based. The hardware model
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including switch components are constructed (Figure 3c). Finally the hardware model is connected
to the software simulation via keyboard encoder unit developed for this study (Fugure 3d). More
detailed description of the ways of incorporating Visual Basic for Application in the PowerPoint
simulation and connecting the hardware via the encoder is presented in Nam and Gill (2000, 2001).

a)

c)

b)

d)

Figure 3: a) Primitive PowerPoint Simulation of a digital watch only supporting slide links, b)
Interactive PowerPoint simulation of a digital watch with Controls and Visual Basic for Application
scripts, c) Hardware model with basic input componets, d) Hardware-software hybrid prototype of a
simple media player connected via key encorder

Phase 4
The final phase is to evaluate the prototype through usability study. The usability study is
accomplished through both quantitative and qualitative methods. Quantitative analysis is carried out
as an experimental study, where a number of measures, such as time to complete a task, count of
button press and the number of breakdown, are automatically collected using the prototype and the
usability data collection mechanism within the software simulation. Qualitative analysis methods
include exploring navigation map, advanced protocol analysis by rerunning the user trial along with
video recordings. For example the raw usability data is collected in the form of [state id, event
detail, event time] in our example prototypes. These data can subsequently be restructured for the
advanced quantitative and qualitative analysis. Due to the simplicity and effectiveness of the data
collection, it is possible to conduct a usability study with large samples.

Case study
The framework and the prototyping method have been applied to a series of undergraduate design
projects in the ‘Information ergonomics’ module at the school of product and engineering design,
University of Wales Institute of Cardiff (UWIC), UK and the ‘Interaction Design’ module at the
department of Industrial Design, Korea Advanced Institute of Science and Technology (KAIST). At
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UWIC, the framework was introduced to the second level students at the BA product design course.
The students had no prior knowledge about programming languages and electronics. An exercise
project was carried out before the introduction to the major design assignments, to design a portable
visitor guide for the Museum of Welsh Life. The project was chosen because the site provided
sufficient context for the new digital product. The module was run for 14 weeks but the actual time
dedicated to the project was about 6 weeks, for which four weeks were spent for the concept
development and software implementation and another two weeks for the construction of the
hardware model. Due to the time constraint, the evaluation was not accomplished in the module.
Figure 4 shows the hardware results of the projects. These models can drive associated software
simulations.

Figure 4: Samples results of the portable information guide project at UWIC
The interaction design module at KAIST was for the third year students in Industrial Design BSc
course. The Korean students had a basic training on computer programming and science subjects
such as Math and Physics. The module ran for 16 weeks but first 10 weeks were spent on the
introduction of interaction design issues and the exercise of the prototyping implementation. The
major design project was carried out for six weeks. The design assignment for the major design
project was to design a portable assistance device that has similar characteristics with the portable
museum guide. The Korean students had more flexibility than the UK students as they could decide
the design context and the functionality details. The example projects were ‘a visitor guide for an
amusement park’, ‘Kyungbok Palace guide’, ‘shopping guide’, ‘concert guide’, ‘gallery guide’, and
‘city tour guide’. The framework was successfully employed in the all these projects.

Designing mobile multi-user devices
The framework and the prototyping method were also applied to the design of a mobile multi-user
device. One of the interaction design projects at KAIST was to design a set of portable assistance
devices for group visitors of the Natural History Museum in Daejon, Korea. A user scenario of the
guide was for teachers and elementary school students who need educational aids when they visit
the Museum as a group. It is necessary to support communication and other multi-user features such
as collaborative learning and a question and answer sequence. In order to address the mobility issue,
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a wireless key encoder using infrared technology was developed. By placing two states in one
screen, it was possible to illustrate the interactions and state transitions of multiple devices (Figure
5a). The wireless connection enabled acceptance of two different sets of key events to control
different software simulations without conflicting the input and output mechanisms.
By using this method the multi-user interactivity could be examined at a similar level of effort and
skills for the implementation of a single-user device. The screen shot of Figure 5b shows how the
teachers and students communicate with each other for a question and answer session through the
device while they are in the Museum.

a)

b)
Figure 5: a) A set of portable museum guides for group visitors. Software simulation (top),
Hardware prototypes (middle), the wireless key encoder (bottom). b) Example screen shot showing
the communication between the teacher and the students for a question and answer session.
The usability data are automatically collected as a single user device situation. Table 1 shows a
sample of the collected data from one of the user trials. The state, events and time of the events are
recorded automatically for multiple users. These data can be used for the further analysis of the
usability study.
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_

Device for Students

Device for Teachers

Time:sec

State ID

Button ID
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0

_

1

0

_

_

_

0.031

1

1

0.03

_

_

_

1.195

2

1

1.16

_

_

_

1.773

3

2

0.57

_

_

_

2.382

_

_

_

_

3

2.38

2.953

3

2

1.17

_

_

_

4.179

_

_

_

_

5

1.79

4.742

_

_

_

2

6

0.56

…

…

…

…

…

…

…

State ID

Button ID

Time
Difference

Table 1: Sample of usability data collected from a user trial. The table shows all the records of
when both users pressed the buttons in the devices and how the states changed according to the
button-press events.

Discussion
This case study provided some lessons and future directions for improving the framework and the
prototyping method. The concept models were evolved smoothly through the prototyping method.
There was however a gap between the context analysis and concept modeling. The student
designers expressed concerns that the findings and investigations in the context analysis phase were
sometimes not directly applied to the concept modeling phase. Ways of linking the techniques
between the context analysis and concept modeling phase need to be further investigated. The
framework and the prototyping method were feasible for student designers from both countries to
undertake the interaction design project. They were able to implement the hardware-software hybrid
prototypes without assistance from engineers during the progress of design concepts. It means the
reduction in time and cost in the design development and a fast iterative cycle of the design process.
It is possible for designers to use the prototyping method for the presentation and to visualize
interaction design ideas, in particular for developing concepts of the organizational and interaction
quality of the product. More concrete and advanced design development may be possible due to
more realistic prototypes. The prototyping method also shows a potential being a participatory
design tool where the users can actively participate in the development of interaction design ideas.
To achieve this, the method needs to be further simplified in terms of the concept modelling and the
software interface.
The framework could be applied to design projects of various digital products. This includes
existing consumer electronics products to the new information appliances and digital media
products. The usability data collection was automatically executed and it was straightforward to
translate the data into a format for further analysis.
The framework suggests new areas of design education: basic computer programming and
electronics. These skills allow designers to understand the overall product attributes. It helps for
designers to become coordinators or integrators in the product development of digital products. A
number of limitations in the prototyping tools were also found. The input method was limited to the
button types while new digital products, such as PDA and information stands, often have a touch
screen based input system. The output devices, such as display and audio, were not incorporated in
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the hardware prototype so the question remains whether the separated display makes any impact on
the iterative development and the user study. Ways of developing wireless and multi-user
prototypes also need further investigation for more reliable and efficient implementation. Current
infrared based system is restricted in terms of the direction and the range of the receiving unit.
Different buttons, sensors, display devices are to be used for more realistic prototype construction.
Software features such as database connection also needs further investigation.

Conclusions and future work
This paper presented a design process framework for interaction design of digital products. The
practical techniques were suggested and illustrated in each phase of the framework for the purpose
of supporting design professionals. The techniques suggested include Scenarios and Storyboards,
Generative tools for co-designing in the context analysis phase, State Transition Chart in the
concept modeling phase, a new prototyping method using MS PowerPoint and embedded Visual
Basic for Applications in the prototyping phase and the automatic collection method of the usability
data in the usability study phase. The case studies employing the framework were introduced to
examine the feasibility of the framework. Our experience of designing a set of museum guides for
group visitors illustrates that the framework is applicable for the implementation of mobile multiuser devices.
The study presents a systematic approach in the interaction design of digital products. The practical
techniques presented could be useful contents in design education and practical design practice. The
effective original prototyping method that employs a cheap and widely available software
application which is suggested as a new means of visualization and concept development for
interaction ideas of multi-user devices.
The study suggests several future directions. Further investigation is to be carried out to examine
the feasibility of the process framework and impact of the new techniques in professional design
practice. In the case study, further investigation can be made regarding the comparison between the
student projects of Korea and the UK. The prototyping technique is also to be improved by
addressing the existing limitations. Ways of combining other control components and output
devices needs to be explored. Ways of incorporating the framework in the entire product
development cycle can be investigated, seeking collaboration with other disciplines such as social
sciences, computer science, electronics and manufacturing.

Durling D. & Shackleton J. (Eds.) Common Ground : Design Research Society International Conference 2002, UK. ISBN 1-904133-11-8

11

References
Anabuki, M., Kabuka, H., Yamamoto, H.,& Tamura, H. “Welbo: An embodied Conversational
Agent Living in Mixed Reality Space”, Videos of '2000 (Conference on Human factors in
Computing Systems).
Ark, W.S. and Selker T. (1999) “A look at human interaction in pervasive computers”, IBM
Systems Journal, Vol. 38, No. 4, pp 504- 507.
Booch, G. (1993) Object-Oriented Analysis and Design with Applications, (Second Edition),
Addison-Wesley, Menlo Park CA.
James A. Landay and Brad A. Myers (2001), "Sketching Interfaces: Toward More Human Interface
Design." In IEEE Computer , 34(3), pp. 56-64.
Kolli, R., Vermeeren, A. & Pasman, G.. (2000) “Developing User Interfaces for Information
Appliances: Process Overview and Practical Techniques”, ACM’s Special Interest Group on
Computer-Human Interaction: CHI 2000 Tutorial Notes.
Lewis C. and Rieman, J. (1993) Task Centered Interface Design: A Practical Introduction,
Shareware ftp.cs.colorado.edu
Nam, T-J and Gill S. (2000) “An effective prototyping method for delivering interaction design in
industrial design education”, the Proceedings of IDATER 2000 Conference, August, Loughbrough
University, UK.
Nam, T-J and Gill, S. (2001), “Framework of Industrial Design Education for Information
Ergonomics: Application of a Novel Prototyping Method into Interaction Design Education”, The
Program Book of ICSID2001 Educational Seminar, pp 85-93.
Norman (1999) Invisible computers MIT Press.
Pedersen J. & Buur, J. (2000) “Games and Movies: Towards Innovative Co-Design with users”,
Scrivener, S., Ball, L., Woodcock A. (eds.) (2000) Collaborative Design, Springer, pp 93-100.
Sanders, L (2000) “Generative Tools for Co-designing”, Scrivener, S., Ball, L., Woodcock A. (eds.)
(2000) Collaborative Design, Springer, pp 3-12.
Sharp, J. (1998) Interaction Design for electronic products using virtual simulations, PhD Thesis,
Brunel University, UK.
Spreenberg, P., Salomon, G. and Joe, P. (1995) “Interaction Design at IDEO Product
Development”, Conference companion on Human factors in Computing Systems, pp.164-165.
Y.Ohta & H.Tamura (eds.) (1999) Mixed Reality - Merging Real and Virtual Worlds, OhmshaSpringer-Verlag.

Durling D. & Shackleton J. (Eds.) Common Ground : Design Research Society International Conference 2002, UK. ISBN 1-904133-11-8

12

Durling D. & Shackleton J. (Eds.) Common Ground : Design Research Society International Conference 2002, UK. ISBN 1-904133-11-8

